Introduction
============

The knowledge of liver anatomy based on the internal vascular and biliary branching patterns to the segmental level has led to rapid advances in liver surgery in recent decades ([@r1], [@r2]). Surgical planning of vascular anastomoses is of crucial importance for liver surgery, such as transplantation, tumor resection, and laparoscopic hepatobiliary surgery, and is proven to reduce mortality and complications after surgery ([@r3], [@r4]).

Numerous anatomical variations of the hepatic veins (HV) have been found, especially the presence of accessory right hepatic veins (aRHVs) in the right hemiliver. Their incidence, number, diameter and other characteristics, which have been studied with different methods, vary considerably ([@r5]-[@r8]). For appropriate surgical treatment, the knowledge and exact pictorial representation of the anatomical variations of the main and accessory hepatic veins are of great importance ([@r3]). In a study on donor and recipient livers, Sahani *et al*. report that the diameter and other aRHV characteristics are important in liver transplantation, especially if the diameter of the aRHV exceeds 3 mm. In this case, a special surgical approach must be adopted, the aRHV should be separately transplanted, and adequate anastomoses should be ensured in order to avoid unnecessary complications such as hemorrhage and ischemic damage to the graft ([@r4]). The presence of a substantial aRHV also influences the course of liver mobilization during liver resections. Damage to such a vein can cause life-threatening bleeding. In addition to the diameter of aRHV, distance between confluences of the aRHV and the main RHV to the inferior vena cava (IVC) is also important in planning and deciding on the appropriate surgical technique during liver transplantation. If the distance exceeds 4 cm, it is difficult to transplant both veins using just one vascular compressor on IVC. In this case, the distance should be determined before the procedure due to the increased complexity of the surgery. Moreover, two or more aRHVs increase the procedure complexity even more ([@r3], [@r4], [@r9]).

The presence of the inferior aRHV is very important during resections of the 7^th^ and 8^th^ liver segment. In the presence of a substantial inferior aRHV (at least 7 mm thick), the right-inferior portion of the liver (segments 5 and 6) can be preserved, despite removal of the main RHV ([@r10]).

Development of imaging methods has improved surgical treatment of the liver. The anatomy of arterial, portal, venous and biliary systems, including anatomical variations, liver parenchyma and pathological changes in the abdominal cavity can be assessed by CT ([@r3], [@r11], [@r13]). CT angiography of the liver can be combined with multiphase examination of different abdominal organs.

Different methods have been used to evaluate aRHVs in different studies, namely, the method with liver castings ([@r6], [@r7]), CT imaging method ([@r3], [@r8], [@r11]), magnetic resonance ([@r4]), sonography ([@r5]), or resection of cadaveric livers ([@r12]). The incidence of aRHV has been reported to be between 6% and 52.5% of the population. Xing *et al*. report that the incidence of the inferior aRHV is higher in older population and that the diameter of the main RHV depends on the diameter of the aRHV ([@r10]).

The aim of our study was to determine the incidence and morphological characteristics of the aRHVs in our population by the CT imaging method. Another aim of our study was to determine the correlation between some demographic predictive factors and the incidence of aRHVs.

The terminology for liver subunits used in the present article is in accordance with the Brisbane 2000 terminology ([@r14]).

Materials and Methods
=====================

The prospective/retrospective study included data on 188 patients that underwent CT examination of the abdomen with contrast media, 103 (54.8%) men and 85 (45.2%) women, mean age 63.1±14.3 (range, 21-94) years. We excluded 34 cases due to insufficient opacification of the hepatic veins, 10 cases due to pathological changes in the liver, and 2 cases due to motion artefact caused by patient breathing during measurements. In the end, the measurements of hepatic veins were performed in 142 patients, 68 (47.9%) men and 74 (52.1%) women. The measurements of hepatic veins were carried out on CT images, which were obtained from the Clinical Institute of Radiology, University Medical Centre of Ljubljana.

Computed tomography imaging protocol with contrast media
--------------------------------------------------------

Computed tomography examinations were performed using the standard routine protocol for multiphase imaging of the abdomen with 64-slice helical CT scanner (Somatom Definition, Siemens AG Medical Solutions, Germany). Multiphase imaging of the abdomen was performed by intravenous application of 80-150 mL of nonionic contrast agent (Iomeron, iodine concentration 400 mg/mL; Ultravist, iodine concentration 370 mg/mL; or Visipaque, iodine concentration 320 mg/mL) in bolus through venous cannulas, size 18-20 gauge. The contrast agent was injected at a flow rate of 3.5-5 mL/s with an automatic injector system (Stellant D Injection System, Medrad, Whippany, USA). The bolus tracer on the descending aorta with the trigger value of 120 Hounsfield units (HU) provides accurate timing data on the first passage of contrast agent in the early arterial phase. For liver portal and venous system approximately 65-75 s after the contrast agent application, the portal-venous phase is performed. A single phase is performed in one breath-hold, which is a prerequisite for the precise presentation of liver structures. The venous phase of imaging was performed with the exposition of 120 kV and 160-200 mAs. In extremely thin or fat patients, the exposition was extended beyond these borders (minimum 120 mAs, maximum 400 mAs). The collimation of 1.2 mm and pitch of 0.6 at 0.5 s of gantry rotation time was used. All images were reconstructed with 2-mm image thickness and 1-mm increment, which reflects in 50% data overlapping. For image interpretation, multiplanar reconstruction (MPR) images in different planes and in some cases even maximum intensity projection (MIP) and volume rendering technique (VRT) images were made after examination. We used three kinds of contrast agents for CT examinations, i.e. Visipaque with iodine concentration of 320 mg/mL in 111 (59%), Ultravist with iodine concentration of 370 mg/mL in 12 (6.4%) and Iomeron with iodine concentration of 400 mg/mL in 65 (34.6%) cases. The mean amount of injected contrast agent was 113±13 mL *per* patient. The amount of injected contrast media was applied in proportion to the body mass index and iodine concentration in contrast agent.

Hepatic vein measurements
-------------------------

Data were acquired from axial and reconstructed images of the venous phase of CT examination. In all cases, we measured the diameter of the main RHV. In cases with one or more aRHVs, we measured their diameters and distances from their confluence to the main RHV confluence into ICV ([Fig. 1](#f1){ref-type="fig"}).

![Computed tomography measurements of hepatic veins: (A) appropriate plane setting; (B) measurement of maximal and minimal diameter of hepatic vein in cross-section position; (C) measurement of RHV and aRHV confluences (University Medical Centre Ljubljana).](acc-57-286-f1){#f1}

Besides vein measurements, we collected data on patient sex, age, height and body weight, and also the amount and concentration of the contrast media injected. Hepatic vein opacification level was determined by measurements of HU in hepatic veins. A higher level of vein opacification results in higher contrast between hepatic veins and liver parenchyma.

Statistical analysis was performed using the SPSS statistical program. We assessed the incidence of aRHVs, the correlation between the aRHV incidence and patient age and sex, and verified the correlation between aRHV and the main RHV diameter. The basic statistical tests were performed using a significance level of 0.05. We also assessed the suitability of CT protocol for hepatic vein presentation, possibilities for its optimization, and the value of CT as an imaging method for surgical treatment planning.

Results
=======

The measurements of hepatic veins were performed in 142 patients. We found at least one aRHV in 45 cases: one aRHV in 37 (26.1%) cases, two aRHVs in seven (4.9%) cases, and three aRHVs in one (0.7%) case. The incidence of aRHV was between 24% and 39.3% (mean, 31.7%) and of more than one aRHV between 2.3% and 10.3%, with the 95% confidence interval (95% CI) ([Table 1](#t1){ref-type="table"}).

###### Proportion of subjects according to aRHV number

      aRHV number       %
  ----------------- ----------
      0                 68.3
      1                 26.1
      2                 4.9
      3                 0.7

The mean diameter of the main RHV was 1.09 cm (95% CI: 1.03-1.15 cm), and the mean diameter of the inferior aRHV was 6.8 mm (95% CI: 6.0-7.6 mm). In cases where more than one aRHV were present, the mean diameter of the middle aRHV was 6.5 mm (95% CI: 4.9-8.0 mm). In the only case where three aRHVs were present, the diameter of the main RHV was 3.5 mm. The diameter of the inferior aRHV was 5.6 mm and the diameters of the two middle aRHVs with confluence into IVC at the same level were 8.5 mm and 7.8 mm.

Based on the test of proportions, the proportion of cases with inferior aRHV of at least 7 mm was between 7.2% and 18.1%, with 95% probability. Among cases with at least one aRHV, this proportion was 40.0%.

The correlation between the aRHV and the main RHV diameters showed a negative correlation coefficient (-0.147), indicating a very weak negative correlation. The significance level was 0.33.

The mean distance between the aRHV and the main RHV confluences into IVC was 3.73 cm (range, 3.32-4.13 cm, 95% CI). The proportion of cases with confluence distance of at least 4 cm was between 21.6% and 49.5% in cases with at least one aRHV. In cases with more than one aRHV, the distance between the middle aRHV and the main RHV measured between 1.90 cm and 4.32 cm (95% CI).

For the correlation between the aRHV incidence and patient age, the t-test of two independent samples was performed. The sample data were divided into two groups, one including cases without aRHV and the other one with at least one aRHV. Arithmetic means of age were then compared between the two groups. The mean age of patients with at least one aRHV was a little lower. The significance level of the t-test was 0.18.

Differences in aRHV incidence between men and women were tested with the test of differences of two proportions. The significance level of the test was 0.75, which did not prove any statistical difference in the incidence between men and women.

Discussion
==========

Surgical relevance
------------------

In our study, the incidence of aRHV was around 30%, which correlates with the findings of Trotovšek ([@r7]), who detected aRHVs in 38% of cases using the method of liver casting. The mean diameter of the inferior aRHV was 6.8 mm (6.0-7.6 mm) and of the middle aRHV 6.5 mm (4.9-8.0 mm). In the resection of the 7^th^ and 8^th^ liver segments, where the inferior aRHV has a diameter of at least 7 mm, the 5^th^ and 6^th^ liver segments can be preserved. In our study, we found the proportion of people with such an aRHV to range from 7.2% to 18.1%, however, among the patients with at least one aRHV the proportion was around 40%. CT is an accurate method for evaluation of a vein the diameter of which is at least 7 mm. The vein can thus be presented despite its potential inappropriate opacification ([@r10]).

Xing *et al*. discuss the correlation between the inferior aRHV and the main RHV diameters. They report that the larger the diameter of the main RHV, the smaller is the diameter of the inferior aRHVs ([@r10]). Our study also showed a weak reverse correlation (correlation coefficient, -0.147).

The distance between the aRHV and the main RHV confluencing into IVC is an important measurement in planning liver resection. For distance measurement, the MIP reconstructions of 20-30 mm thickness were made. The spatial resolution of MIP reconstruction is little lower than those by MPR, but the distance is easier to determine because of bigger liver volume presentation. In our study, the mean distance between the inferior aRHV and the main RHV was 3.73 cm (range, 3.32-4.13), and the distance between the middle aRHV and the main RHV was 3.11 cm (range, 1.90-4.32). We found a substantial proportion of cases with the distance between the inferior aRHV and the main RHV of at least 4 cm (21.6%-49.5%). The information on the distance between the aRHVs and the main RHV is especially important in planning living donor transplantation and in tumor resections ([@r4], [@r9]). Based on hepatic vein information, the optimal surgical technique can be chosen to preserve the liver from bleeding and devitalization.

Another aim of our study was to determine the correlation between some demographic predictive factors and the incidence of aRHVs. Our results did not support the data of Xing *et al*. on the influence of age on the incidence of aRHV ([@r10]). The T-test of independent samples for age influence did not show any statistically significant differences in age between the group of patients with at least one aRHV and the group without it. The high significance level (0.18) showed that the possible differences in age between the two groups were random and the sample data could not be extrapolated to a larger population. The influence of sex on the aRHV incidence was ruled out with the test of differences in proportions (p=0.75). Based on these results, we cannot confirm any predictive factor for the incidence of aRHVs.

Computed tomography relevance
-----------------------------

Multiphase CT imaging of the abdomen with contrast media is a common radiological method because it enables visualization of internal organs. It is characterized by good spatial resolution and the possibility to show internal structures in any 2D plane and also in 3D view. Because of the low natural contrast of some abdominal organs with a similar structure that absorbs a similar amount of x-rays, the distribution of injected contrast media in different time frames has an essential role in the evaluation of anatomical structures of organs, as well as pathological changes in the abdominal cavity. To ensure high-quality CT procedure, proper selection of many parameters is of great importance ([@r3]).

In our study, the data on hepatic veins were obtained from images of the portal-venous phase of CT imaging of abdominal organs. The patients were referred to CT imaging for different reasons and not specifically for hepatic vein evaluation. The portal-venous phase was normally carried out 65-75 s after contrast agent application. In that period, the contrast agent in the liver is normally deployed in the portal and hepatic veins, which provides the contrast separation from liver parenchyma. Because of insufficient vein opacification, the measurement of hepatic veins could not be performed in 18.1% of cases. Below the 130 HU opacification level, the characteristics of hepatic veins could not be determined, especially in smaller hepatic veins, such as aRHVs. In the absence of pathological conditions, the insufficient opacification rate is mostly caused by insufficient amount of contrast media with slow injection flow or by an inappropriate time frame of data acquisition. The timing of acquisition for appropriate hepatic vein opacification is variable since the cardiac output and resultant blood flow (contrast media) may significantly differ from person to person ([@r15]). For this reason, when evaluation of hepatic veins is desired, the higher amount of contrast agent with a high concentration of iodine in the agent and with higher injection flow (4.5-6 mL/s) is recommended.

Conclusion
==========

Modern liver surgery is based on resecting the smallest possible functional unit of the liver while preserving as much healthy liver parenchyma as possible. Evaluation of the incidence and diameter of aRHVs is of great importance for a safe surgical procedure. Their presence can change the surgeon's decision in 10%-20% of cases, when good imaging technique is employed. CT examination, which is easily accessible and minimally invasive for patients, was successful in only 80% of cases, when using the standard protocol for CT scanning.
